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F r o m  an examinat ion  of the PMR spec t ra ,  po la rographic  data, and molecu la r  models  of a -  
enamines  of c ap ro -  and va l e ro l ac t ams ,  it is concluded that there  is a different  degree  of 
conjugation of the p e lec t rons  of the piper idine n i t rogen with the enamine double bond and 
that  this explains the d i f ferences  in the tendency of these compounds to undergo hydrolys is .  

A convenient  method for  the synthes is  of ~ -enamines  of va l e ro -  (I) and c a p r o l a c t a m s  (II) by reac t ion  
of the (~,~-dichlorolactams with p iper id ine  was prev ious ly  developed in [2]. Despi te  the comple te ,  as  it  were ,  
s t ruc tu ra l  s imi la r i ty  of enamines  I and It, they differ  cons iderably  with r e spec t  to the i r  chemica l  behavior .  
Thus, enamine II is readi ly  hydrolyzed in acidic media  at 0~ to ~ -oxocapro lac t am III [1], but the ~-enamine  
of 2-piper idone (I) cannot be hydrolyzed under  these conditions or  under  more  seve re  conditions. The r e -  
action of II with NaCN s imi la r ly  leads to a high yield of ~ - h y d r o x y - ~ - c y a n o c a p r o l a c t a m  (IV) [1], while ca -  
amine I cannot be conver ted  to the cor responding  cyanohydrin.  
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The behav ior  of II in acidic media  is typical  for  enamines ,  the hydrolys is  of which to ketones  p roceeds  to 
give products  in high yie lds  [3]; however,  the anomalous  s tabi l i ty  of enamine I under  the s ame  conditions 
has made it n e c e s s a r y  to make a more  detailed study of its p r o p e r t i e s .  The m e a s u r e m e n t  of the bas ic i t i e s  
of I and II in n i t romethane  gave unexpected resul ts :  the ApKa values of these enamines  were  3.93 and 1.6, 
respec t ive ly ,  i .e. ,  the bas ic i ty  of s e v e n - m e m b e r e d  enamine II is higher by more  than two o r d e r s  of mag-  
nitude than that  of the s i x - m e m b e r e d  I. It is apparent  that the r eason  for  this cons iderable  change in the 
bas ic i ty  in a s e r i e s  of s t ruc tu ra l ly  s i m i l a r  compounds can only be a change in the si te of protonat ion.  It is 
logical  to a s sume  that C-protonat ion  {high basici ty)  occurs  p r e f e r ab ly  in the case  of enamine II, while p r o -  
tonation of I takes  place at the ni t rogen atom: 

u I , I I  I I  a l ib 

I ,V n = l ;  II, l l a ,  l l b  n = 2  

Because of the resonance  I Ia- - - - I Ib ,  the C-pro tona ted  f o r m  is cons iderably  more  inclined to undergo nucleo- 
philic at tack (and, consequently,  to undergo hydrolysis)  than the N-protonated f o r m  IV). 

* See [1] for  communicat ion  X'XI. 
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Fig. 1. Po l a rog ram s  of I and II with a saturated (CH3)4NI base 
e lect rolyte  in DMF: 1) base e lectrolyte  curve;  2) cii  = 0.46 mmole;  
3) cii = 0.88 mmole; 4) cli = 1.25 mmole;  5) c t=  1.08 mmole;  6) c I = 
1.55 mmole .  S.eoe is saturated ca lomel  e lect rode.  

Fig. 2. Po l a rog rams  of II with a base e lectrolyte  consist ing of 
0.17 N CF3COOH in MDF saturated with KCI: 1) Base e lectrolyte  
curve;  2) cii = 1.56 mmole (the curve was recorded  immediately 
af ter  introduction of the substance into solution); 3) the same after  
2 min; 4) the same after  5 min. 

The signal of the vinyl proton in the PMR spec t rum of enamine II (5.06 ppm) is substantially shifted 
to the s t rong-f ie ld  side as compared  with enamine I (5.54 ppm); this is due to the higher e lec t ron density 
on C (4) in H. It has been shown [4] that enamines in anhydrous dimethylformamide (DMF) are  reduced with 
substantially g r ea t e r  difficulty than ethylene compounds and that the center  of attack of the e lec t ron  is the 
f l-carbon atom. Correspondingly,  both enamines I and II are reduced in one step, apparently with the con- 
sumption of two e lec t rons  [4], and enamine II is reduced at more  negative potentials than I. The reduction 
wave of enamine II is masked to a considerable  degree by the discharge cur ren t  of the base electrolyte,  and, 
in this connection, the p rec i se  measuremen t  of the half-wave potential is difficult. To a f i r s t  approximation, 
the diffusion coefficients of I and lI were assumed to be equal, and the potential of that point of the curve at 
which the cur ren t  is equal to half the l imiting (calculated) cur ren t  was taken for  El/2 of enamine II (the dif- 
fusion coefficient of enamine I was determined f rom the II 'kovich equation and was 5.42 - 10 -6 cm~ see '2) .  
The half-wave potentials of I and II are,  respect ively,  - 2 . 5 8  and - 2 . 7 3  V relative to a saturated calomel 
e lectrode (see Fig. 1). This sor t  of substantial  difficulty in the reduction of enamine II as compared  with 
enamine I is in agreement  with the PMR spect ra l  data and also indicates the relat ively high e lectron density 
on the double bond of the fo rmer .  A p r i m a r y  consequence of this is the difference in the site of protonation 
of these compounds. An examination of the PMR spec t rum of I in CF3COOH shows that in this case N-pro-  
tonat[on occurs :  the signal of the vinyl proton is shifted to the weak-field region (7.33 ppm) because of the 
increase  in the e l ec t ron -accep to r  s t rength of the substituent (the piperidinium cation) [5]. In addition to 
N-protonation, C-protonat ion occurs  to a considerable  degree for enamine II [5]. In the presence  of strong 
proton donors (a 0.17 N solution of CF3COOH ) the reduction of enamine II in DMF is markedly facilitated. 
In this case,  two waves are observed on the po la rogram,  and the f i rs t  falls rapidly with time, while the 
overal l  cu r ren t  remains  constant (Fig. 2). The second wave is identical to the reduction wave of lactam 
III (the addition of III to the solution of cation I I .  H + leads to a proport ional  increase  in the second wave). 
The decrease  with time in the f i r s t  wave with the simultaneous format ion  of a -oxoeapro lac tam III is in 
good agreement  with the chemical  data on the hydrolysis  of enamine II in acidic media and provides  unam- 
biguous evidence that the f i r s t  wave cor responds  to reduction of the immonium cation (IIa---~IIb). In fact, 
the reduction of this cation should proceed  incomparably more  readily [6] than reduction of the double bond 
of the enamine; this is observed experimental ly .  Thus, the difference in the p roper t i es  of enamines I and 
II is explained by a change in the site of protonation; this is associated with the presence  of higher e lec t ron 
density on the ~-carbon atom of enamine II as compared  with I. To explain the lat ter ,  the assumption of a 
g r ea t e r  degree of conjugation of the unshared pa i r  of e lec t rons  of the ni trogen atom with the C=C bond in II 
has been advanced; this was completely confirmed in an examination of the molecular  models of both en- 
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amines .  The s t e r i c  hindrance to conjugation in I, i .e.,  the overlapping of the van der  Waals radii  of the 
pro tons  at tached to C (4) of the piper idine ring and the C (2) a tom of the p iper id ine  ring leads  to a c o n s i d e r -  
able disrupt ion of the p -  �9 conjugation and, as a resu l t  of this, to a dec rea se  in the e lec t ron  density on the 
enamine C =C bond. In con t ras t  to this,  complete  overlapping of the p e l ec t rons  of the ni t rogen a tom and 
the ~ e l ec t rons  of the double bond is poss ib le  in enamine IL Thus, the substant ia l  d i f ferences  in the p rop -  
e r t i e s  of the ~ -enamines  of l a c t am s  I and 17[ a r e  due to the different  degree  of conjugation of the p a i r  of p 
e lec t rons  of the ni t rogen a tom with the C =C bond as a consequence of the different  s t e r i e  in terac t ion  of 
the hydrogen a toms  attached to C (~) of the l a c t am ring and the a -p ro tons  of the p iper id ine  ring. 

E X P E  R I M E  NTA L 

The study of the polarographic  behav ior  and the m e a s u r e m e n t  of the ApK a (CHsNO2) values o fenamines  
I and II were  p e r f o r m e d  via p rev ious ly  descr ibed  methods [4, 7]. The ApKa value (CH3NO2) is the di f ference 
in the pK a values of diphenylguanidine and the tes t  substance in n i t romethane .  The PMR s p e c t r a  were  r e -  
corded with a JNM-4H-100 s p e c t r o m e t e r  with t e t r amethy l s i l ane  as the internal  s tandard.  
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